The efficiency of new fertilizers as a nitrogen source in super-early cycle common bean cultivars still needs to be better known. The objective was to quantify the effect of new sources and time of application of nitrogen on yield and yield components of a super-early cycle bean cultivar. The experiment was conducted in the city of Rio Verde, state of Goias, Brazil, using the experimental design of randomized blocks, in a 3x3+1 factorial scheme, with four replications. The first factor was constituted by nitrogen (N) sources: traditional urea, zeolite-associated urea, and urea with urease inhibitor, using the dose of 80 kg ha -1 N. The second factor was application stages: V2, V3, and V4, that is, when 50% of the plants had the first pair of unifoliolate leaves, the first trifoliolate leaf, and the third trifoliolate leaf fully expanded, respectively. Moreover, an additional treatment was used, without N application (control). The cultivar used was BRS FC104, of super-early cycle, from 60 to 65 days. The following were measured: relative chlorophyll index (RCI), plant height, first pod insertion height, number of pods per plant, number of grains per pod, mass of 100 grains and yield. There was no significant difference between sources and application stages regarding the number of pods per plant, number of grains per pod, plant height and first pod insertion height. The highest yields were obtained with the use of zeolite-associated urea, and the best application stage was V4. The use of urea with urease inhibitor did not provide an increase in grain yield compared to the control treatment.
Introduction
Brazil is considered the largest consumer of common bean (Phaseolus vulgaris L.) in the world, besides being the leading country in the ranking of this legume production (Ribeiro et al., 2014) . Among the factors that contribute to this higher production, its broad edaphoclimatic adaptation is highlighted, which allows the cultivation of common bean throughout the year and in practically all regions of the country.
Since the common bean is a legume, it symbiotically fixes nitrogen with soil bacteria, but not in an enough amount to satisfy the plant's demand. Nitrogen management is considered difficult, since the nutrient, despite being required in greater quantity by the bean, has a complex dynamics in the soil, being easily lost by leaching or volatilization, compromising the environment and reducing management efficiency (Cunha et al., 2011) .
Urea is considered the main nitrogen source used in agriculture due to its lower cost (Rech et al., 2017) . However, when applied to the surface, the loss of nitrogen by ammonia (NH 3+ ) volatilization to the atmosphere is considered high, whose magnitude will depend on edaphoclimatic characteristics, reaching values close to 60% loss of applied nitrogen (Rochette et al., 2013) .
To improve the efficiency of nitrogen fertilizers, new products are available that can minimize nitrogen losses by ammonia volatilization, by adding urease inhibitors to the fertilizer. These products can considerably reduce the loss of NH 3+ , allowing more time for the fertilizer to be incorporated into the soil by rain or irrigation, without the occurrence of losses. The urea inhibitor NBPT (N-(n-butyl) thiophosphoric triamide) has been tested in several countries, showing efficiency in the reduction of nitrogen losses by volatilization when compared to traditional urea use (Pereira et al., 2009; Scivittaro et al., 2010; Rech et al., 2017) . NBPT prevents the urea molecule from being broken down, inactivating the enzyme urease, thus avoiding losses by volatilization (Cantarella et al., 2003) .
Another alternative that has been developed with the objective of minimizing the losses of nitrogen by volatilization is the use of aluminosilicate minerals from the zeolite group in association with urea in fertilization. Werneck et al. (2012) found that the association of zeolites with urea decreased the losses by volatilization by 20%, in addition to increasing the nitrogen uptake by the plants. Bernardi et al. (2010) found satisfactory results with the use of ureaassociated zeolites in the oat crop, evidenced by the increased agronomic efficiency of nitrogen. This mineral is characterized by a structure with high affinity for NH 4+ , protecting the ion from losses by volatilization and nitrification by microorganisms (Reháková et al., 2004) .
The time of nitrogen application is also an important factor in the management of nitrogen fertilization in common bean aiming at a greater efficiency of the use of this nutrient to reach higher yields. Therefore, the choice of the correct phenological stage of application is extremely important to offer greater safety and precision for the producer in the management of nitrogen fertilization in coverage, besides increasing the plant efficiency in the use of available resources, evidencing the possibility of increasing bean yield (Binotti et al., 2014) . The nitrogen supply must be performed to provide adequate plant nutrition at a time when it is still possible to increase the number of pods per plant, that is, before flowering (Carvalho et al., 2001) .
The search for cultivars of an earlier cycle has deserved the attention of bean breeders in the last years, since the identification of new cultivars of early cycle is advantageous, as it allows a lower consumption of water in irrigated crops, harvest planning for periods of less rain, and the early releasing the area for crop succession (Ribeiro et al., 2014) .
There is a lack of work in the literature aiming to obtain answers regarding the use of nitrogen fertilization with high-quality urea in the bean crop to mitigate the loss of nitrogen under Cerrado conditions. Moreover, there is a lack of information on the best stage of development for the application of urea to super-early cycle cultivars.
In this context, the objective was to quantify the effect of urea sources applied at different phenological stages on yield and yield components of a super-early cycle bean cultivar.
Material and methods
The experiment was conducted in the city of Rio Verde-GO, at the geographical coordinates 17°48' south latitude and 50°55' west longitude, at an altitude of 770 meters, with flat relief (mean slope less than 3%). The experiment was conducted from 05/26/2016 to 08/05/2016.
According to Köppen's classification (Köppen & Geiger, 1928) , the climate of the locality is Aw, characteristic of tropical climates, with dry winter and humid summer, with rainfall concentrated in the summer and a well-defined dry season in the winter. The annual average rainfall is 1,500 mm, and the annual average temperature is 23 °C.
The soil of the experiment was identified as Latossolo Vermelho Distroférrico according to EMBRAPA (2013) . Before the installation of the experiment, soil analysis was performed for chemical characterization in the 0 -0.20 m layer (Table 1 ). The granulometric analysis showed 580, 80 and 340 g kg -1 of clay, silt and sand, respectively.
The experimental design was a randomized complete block design, in a 3x3+1 factorial scheme, with four replications. The plots consisted of six rows of 5.0 m in length, with 0.5-m spacing, totaling 15 m 2 . For the useful area, the two central rows were considered, discarding half a meter from both ends of each row, totaling 4 m 2 . The treatments consisted of the combination of three nitrogen sources, three application stages, plus one control treatment, without application. Nitrogen sources were: traditional urea, zeoliteassociated urea, and urea with urease inhibitor (commercial product Agrotain ® ), applied manually by broadcasting, without incorporation, at approximately 0.1 m of the plant rows, followed by irrigation.
Cover nitrogen fertilization was performed using the dose of 80 kg ha -1 N, when the bean plants reached the vegetative stages V2, V3, and V4, which were characterized as: vegetative stage V2 (when 50% of the plants had the first pair of unifoliolate leaves fully expanded); vegetative stage V3 (when 50% of the plants had the first trifoliolate leaf fully expanded); and vegetative stage V4 (when 50% of the plants had the third trifoliolate leaf fully expanded) (Fernandez et al., 1982) .
The cultivar used was BRS FC104 ("carioca" commercial group), being considered as a super-early cycle material (60 to 65 days from emergence to harvest, on average). Sowing was performed manually, on 05/26/2016, with 12 seeds per meter; the planting furrow and base fertilization were mechanically made through a fertilizer sowing machine, using 400 kg ha -1 of the formula 4-20-20, carried out considering the chemical characteristics of the soil. The emergence of common bean seedlings occurred five days after sowing, on 05/31/2016.
Irrigation was performed by central-pivot sprinklers when the average of the soil water potential readings, evaluated by three tensiometers installed in the area at 0.15 m deep was in the range between -30 kPa and -40 kPa. Phytosanitary treatments and irrigation management were carried out according to the technical recommendations for the bean crop (EMBRAPA, 2012) .
In the experiment, the relative chlorophyll index (RCI) was measured with the Minolta SPAD 502 (Soil Plant Analysis Development) chlorophyll meter. The readings with the chlorophyll meter were performed at 22 and 43 days after emergence (DAE), on 06/16/2016 and 07/07/2016, respectively, being randomly obtained in each experimental plot, in the four central rows, in the first fully expanded trifoliate, avoiding the central vein and the leaf margins, totaling 50 readings per plot.
In the field, 10 plants were randomly evaluated in the useful area of each plot, and the following variables were determined: plant height, determined by measuring the distance from the soil surface to the last pod insertion point; first pod insertion height, determined by measuring the distance from the soil surface to the first pod insertion point. Subsequently, the plants were taken to the laboratory to determine the number of pods per plant, obtained by the ratio between the total number of pods and the total number of plants; the number of grains per pod: obtained by the ratio between the total number of grains and the total number of pods; and the 100-grain weight: obtained by weighing 100 grains of each plot, with moisture correction to 13%.
The bean plants were harvested on 08/05/2016. Grain yield was obtained by weighing the grains of the useful area of each plot, with the values being extrapolated to kg ha -1 and corrected to 13% moisture.
The data of the evaluated characteristics were submitted to analysis of variance, and when the effect of urea sources and phenological stages were significant, the Tukey test was applied at 5% probability for comparison means, in addition to the Dunnett test at 5% probability for comparison between treatments and the control, using the program Assistat (Silva & Azevedo, 2009 ).
Results and discussion
The variables number of pods per plant, number of grains per pod, plant height, and first pod insertion height were not influenced by the different nitrogen sources or stages of nitrogen application (p>0.05) ( Table 2) . Guimarães et al. (2017) also did not find differences in these same variables when evaluating the N doses of 40, 80, and 120 kg ha -1 in common bean with urea as the traditional source, showing the difficulty of pointing out differences in these characteristics.
In the first evaluation of the relative chlorophyll index (RCI) at 22 DAE (Table 2) , the bean stage at the time of the application in coverage influenced the response of the plants to this variable. On the other hand, this behavior was not observed in the RCI evaluation performed at 43 DAE, since differences were verified only between the treatments and the control without nitrogen fertilization.
In the RCI evaluation performed at 22 DAE, it can be observed that the plants that received nitrogen sources in coverage in the V2 stage had higher values of this variable in relation to those in which the V4 application was foreseen (Table 3 ). The observation of this behavior is related to the fact that at the time the evaluation was carried out, nitrogen application to V4 plants was not performed since they did not reach such phenological stage. Thus, the lower values of RCI recorded in the plants present in these treatments are possibly reflections of a lower leaf nitrogen content. NPP = number of pods per plant; NGP = number of grains per pod; H = height of plants; HFP = height of insertion of the first pod; RCI = relative chlorophyll index, DAE = days after emergence, M100 = mass of 100 grains; ns Not significant; **, * Significant at 1 and 5% probability by the F Test, respectively; ns Not significant at 5% probability by F test. The RCI was also evaluated in bean plants at 43 DAE, however, its behavior was not clear, since a significant difference was observed only between the control without urea application and the traditional urea source, in V2. The RCI is used to estimate the chlorophyll content in plants and it is highly correlated to the nitrogen level in the leaves (Taiz & Zeiger, 2017) . The fact that nitrogen is an extremely mobile element in the plant causes the symptoms of nutritional deficiency to be expressed first in the older leaves (Taiz & Zeiger, 2017) ; however, the RCI evaluation was performed on the first fully expanded trifoliolate leaf (younger leaves) and may have contributed to the absence of differences. Maia et al. (2017) observed the greatest differences in RCI between nitrogen doses when evaluating older leaves (third fully expanded leaf) of common bean compared to younger leaves.
Another important factor to consider is that the younger leaves (first fully expanded leaf) have higher levels of NO3-N, which is a form that is not associated with a chlorophyll molecule, hindering the evaluation of the nutritional status of plants through RCI, which often presents inconclusive results (Dwyer et al., 1995) .
Mass of 100 grains was the only yield component affected by the different treatments evaluated, with effect of both the different nitrogen sources and their interaction with the stage of bean plants at the time of application. Finally, for the bean grain yield data, there was an effect of the isolated factors, with no influence of the interaction between nitrogen sources and application stage on this variable.
The variable mass of 100 grains is a characteristic of great importance to the consumer market and is strongly influenced by the environment (Perina et al., 2010; Pereira et al., 2012) . The weight variation among the treatments tested ranged from 24.14 g (zeolite-associated urea, at the V2 stage) to 27.23 g (urease inhibitor, at the V4 stage) (Table 4) . This characteristic showed a significant difference between the nitrogen sources, and there was a significant interaction between source and stage, that is, nitrogen sources influenced the mass of 100 grains differently for each stage, as observed in Table 4 . It is important to note that as it is a new cultivar, there are still no reports in the literature for grain size comparison, so it was not possible to say if the values found were above or below the average for the genotype evaluated in the experiment. However, due to the fact that this experiment reached satisfactory yield values (average of 3,832 kg ha -1 ), probably the values of mass of 100 grains found are near the real value of this cultivar.
When using urea with urease inhibitor as a nitrogen source, the mass of 100 grains showed no differences between the V4 and V3 stages, as well as between V3 and V2. However, urea with urease inhibitor promoted a higher weight when applied at the V4 stage compared to V2, in addition to higher values for the application stage V4 when compared to V2, although not differing from V3, suggesting that as the development stages advance, the application of urea with urease inhibitor tends to increase the mass of 100 grains. When using zeolite-associated urea as a source, regarding the application stage, there were no differences between the stages V3 and V4, as well as between V4 and V2. Nonetheless, the application stage V3 provided a higher mass of 100 grains when compared to the V2 stage.
These results suggest that when the nitrogen source used is urea associated with urease inhibitor, the application in more advanced vegetative stages for the cultivar tested (BRS FC104) promoted a higher efficiency of the fertilization, which reflected in grain weight gain, and could be considered a good alternative for bean sowing in the state of Goias. On the other hand, for the use of traditional urea, the application stage did not influence the mass of 100 grains, agreeing with the results found by Guimarães et al. (2017) , who did not find a response of the mass of 100 grains when evaluating different stages of application of traditional urea in common bean. Furthermore, it is observed that the mass of 100 grains tends to decrease as the plant grows.
The mass of 100 grains did not present significant difference between the nitrogen sources for the V2 stage, demonstrating that when the application is carried out at the initial stage of development of the bean crop, the nitrogen source has no influence on grain weight gain, with all sources behaving in a similar way. On the other hand, when the application is made at the V3 development stage, the use of zeoliteassociated urea promoted the highest mass of 100 grains when compared to the traditional urea source, whereas in V4, the source with urease inhibitor obtained the best performance when compared to the use of traditional urea.
The urea sources associated both with zeolites and with urease inhibitor have proven efficiency in the literature regarding the reduction of nitrogen losses by volatilization when compared to the use of traditional urea (Pereira et al., 2009; Scivittaro et al., 2010; Werneck et al., 2012; Rech et al., 2017) . In this way, the plant can absorb more nutrients, contributing to greater grain weight in these treatments.
Grain yield ranged from 3,107 (control without application of nitrogen source) to 4,228 kg ha -1 (zeoliteassociated urea, at the V4 application stage), highlighting that all treatments showed yields higher than the average of bean plants from the third harvest in Goias in this period, which was 2,872 kg ha -1 (CONAB, 2017) . This high yield is probably associated to the regular use of irrigation during the period of conduction of the experiment, which contributed to a higher nitrogen uptake, favoring yield components.
For the variable yield, there was a difference between the isolated factors source and stage, with the highest yield value (4,055 kg ha -1 ) being verified when using zeolite-associated urea (Table 4) was better than the source of urea with urease inhibitor. This result is probably associated to the effect of zeolite on the reduction of ammonia volatilization losses, which contributed to a higher efficiency of nitrogen fertilization and increased N uptake by plants as observed by Werneck et al. (2012) . In contrast, Rech et al. (2017) found no decrease in loss by volatilization with zeolite addition.
Regarding the application stage, a higher yield was achieved when the application was made at V4 (4,056 kg ha -1 ), however, it did not differ significantly from the application performed at the V3 stage. On the other hand, Meira et al. (2005) , when evaluating times of nitrogen application in irrigated bean, did not find a relationship between the application time and the response in yield and yield components.
Bean grain yield in the control treatment, without nitrogen application, was 3,107 kg ha -1 . As already presented, this yield is considered high, being higher than the national average for the crop. Possibly, this behavior observed in the experiment may be related to the preceding crop that was explored, which was soybean, a species with high biological nitrogen fixation.
When comparing the treatments with the application of traditional urea at V2 and urea with urease inhibitor at all the evaluated stages, it is verified that they did not differ for yield in relation to the control, demonstrating that these options were not constituted as good alternatives aiming at nitrogen fertilization in coverage for the bean crop. The use of urea with urease inhibitor also showed no difference compared to the use of traditional urea. This corroborates the results found by Cunha et al. (2011) and Bernardes et al. (2015) , who also observed no effect of the use of urea with urease inhibitor compared to traditional sources of nitrogen. However, the use of traditional urea at V3 and V4, and zeolite-associated urea at any application stage evaluated provided higher yields for the bean crop when compared to the control treatment.
Conclusion
In the bean crop, the yield components number of pods per plant, number of grains per pod, plant height, and first pod insertion height were not influenced by the different sources and stages of application of nitrogen in coverage.
The super-early cycle bean cultivar BRS FC104 obtained higher yield values with the use of zeolite-associated urea, and the best stage of application of nitrogen fertilization was V4.
